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SUBJECT: Minutes of t h e  August 12-14 Meeting DATE: August 3.8, 1969 
of a n  Ad Hoc Working Group on t h e  
Science Ob jec t ives  of Apollo Missions FROM: F. El-Baz 
12-20. D. B. James 

TO DISTRIBUTION:  

Attached are t h e  minutes of  t h e  meeting of an a d  hoc 

working group on t h e  s c i e n c e  o b j e c t i v e s  of Apollo miss ions  12-20. 

The meeting w a s  h e l d  i n  Washington, D.C. cn August 12-14 a t  

t h e  r e q u e s t  of NASA Headquarters.  

The minutes are d iv ided  i n t o  t h r e e  s e c t i o n s :  

an I n t r o d u c t i o n  which covers  t h e  scope of t h e  meeting, 

of t h e  p a r t i c i p a n t s ,  t h e  ground r u l e s  which w e r e  fol lowed and 

t h e  most impor tan t  r e s u l t s  (p.  1-5) ; ( 2 )  s c i e n t i f i c  o b j e c t i v e s  

of missions 12-15 (p. 6-16) ; and s c i e n t i f i c  objectives of 

(1) 

a l i s t  

miss ions  16-20 ( p. 1 7  -p. 55) ., 
This  s tudy  i s  p re l imina ry  and shou ld  be cont inued  

when the c o n s t r a i n t s  are bet ter  known fo l lowing  an i t e r a t i o n  by 

MSC engineer ing  groups. 
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(NASA-CR-107922) ElINUTES OF THE 12-14 
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INTRODUCTION 

An ad hoc w o r k i n g  group on s c i e n c e  o b j e c t i v e s  f o r  

t h e  Apollo missions 12-20 (see p. 3 f o r  l i s t  of p a r t i c i p a n t s )  

m e t  a t  the r e q u e s t  of NASA Headquarters on August 12 -14 ,  1 9 6 9 .  

The purpose o f  t h e  t h r e e  day meeting w a s  t o  e s t a b l i s h  s c i e n c e  

o b j e c t i v e s ,  t e n t a t i v e  des igns  and p r i o r i t i e s  fo r  n i n e  Apollo 

miss ions  w i t h  emphasis on t h e  l a s t  f i v e .  

The group considered t h e  Sites which w e r e  approved 
'. 

f o r  p lanning  purposes  by t h e  ASSB on J u l y  1 0 ,  1969 (see p. 4 ) ; *  

This  f i r s t  i t e r a t i o n  on EVA p lanning  w a s  based  on a 

number of c o n s t r a i n t s ,  some of which are on ly  c u r r e n t  estimate 

of f u t u r e  c a p a b i l i t i e s  (p. 5). These inc luded  5 Km maximum 

r a d i u s  of s u r f a c e  o p e r a t i o n s ,  OPS,' SLSS, PLSS l i f e t i m e ,  l i n e -  

o f - s i g h t  c o n s t r a i n t s  on communications, BTU rates,  and l e n g t h  

and number of EVA'S. Va r i a t ions  i n  t h o s e  c o n s t r a i n t s  w i l l  

profoundly e f f e c t  t h e  t r a v e r s e  l a y o u t s  and t h e  s c i e n c e  r e t u r n  

f r o m  each mission.  

Thus t h i s  r e p o r t  on s c i e n c e  EVA p l ann ing  should  be 

' b e d  as a guide  t o  t h e  g e n e r a l  scope of s i t e - r e l a t e d  sc i ence .  

Extreme c a u t i o n  i s  necessary  i n  drawing any conclus ions  w i t h  

r e s p e c t  t o  s c i e n c e  r e t u r n  as a f u n c t i o n  of hardware c a p a b i l i t y .  

Fo r  example, t h e  geophys ica l  ins t ruments  and experiments  w e r e  

g iven  cu r so ry  a t t e n t i o n  and not  t h e  s e r i o u s  c o n s i d e r a t i o n s  they  

deserve. 

*These sites are by no means cas t - in-concre te .  Changes 
cou ld  be made when t h e r e  are s t r o n g  r easons  through t h e  p rope r  
channels  (GLEP S i t e  s e l e c t i o n  Subgroup and ASSB) . 
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A t t e n t i o n  has  heen focused on a sma l l  number of 

c o n f i g u r a t i o n  o p t i o n s ,  and as t h e  c o n s t r a i n t s  f o r  each o p t i o n  

are c l a r i f i e d  r ea l i s t i c  EVA plans can be developed. The n e x t  

i t e r a t i o n ,  t hen ,  could  provide a more meaningful comparison 

of t h e  s c i e n c e  r e t u r n  p o s s i b l e  f o r  each opt ion .  

Photographic  requirements for  o p e r a t i o n a l  needs 

have n o t  been cons idered ,  because there  are no f i r m  g u i d e l i n e s  

a t  t h i s  t i m e .  However, from t h e  s c i e n t i f i c  point-of-view and 

for  mission p lanning  purposes photography i s  r e q u i r e d  f o r  t h e  

s i t e  of Descartes and an augmentation of  p r e s e n t l y  a v a i l a b l e  

photography of F r a  Mauro Fm. and Censorinus is  d e s i r a b l e .  

The only  conclusions t h a t  should be drawn f r c m  t h i s  

p re l imina ry  s tudy  are t h e  obvious needs f o r  i n c r e a s e d  a s t r o n a u t  

m o b i l i t y ,  t h e  SLSS, and a s o l u t i o n  t o  t h e  communication and 

n a v i g a t i o n  problems. 
41 
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OPERATIONAL CONSTRAINT 

1. Landing accuracy (% 1 k m  r a d i u s )  
AV l i m i t a t i o n  and weight  impact 

2.  R a n g e  of operations - 5 km m a x i m u m  

walk 1 km/OPS ; 5 km/SLSS 
r i d e  2.5km/OPS ; 5 km/SLSS 

R e t u r n  capabi l i ty  

3. EVA number and durat ion 
2-4 EVA'S as maximum (1250 B T U / h r )  
Shor t  EVA: 2.5 hr/-6 PLSS 
Long EVA : 3.5 hr/-7 PLSS 

4. Speed of mob i l i t y  
4 km/hr  for  wa lk ing  

10  km/hr fo r  r i d i n g  

5. C o m m u n i c a t i o n s  l i m i t  
2.5 km 

6 . Payload trade-offs 

7. A v a i l a b i l i t y  of hardware 

R o v e r  VS. ALSEP VS. l anding  accuracy 

Y 

c 



- 
c '\ 

- 6 -  , .  

SCIENTIFIC OBJECTIVES FOR THE "H" MISSIONS 
- Apollo 1 2  Through Apollo 15 - 

LANDING SITE 7 (APOLLO 12) 

I. BACKGROUND 

This s i t e  i s  loca ted  e n t i r e l y  w i t h i n  r e l a t i v e l y  o l d  

(Imbrian) mare material.. There are many l a r g e  subdued 

craters 200-600 m i n  diameter;  t h e  number of i n t e rmed ia t e  

s i z e  c r a t e r s  50-200 m i n  diameter  i s  fewer t h a n  on younger 

mare material i n  o t h e r  sites. T h i s  crater  d i s t r i b u t i o n  i s  
.-  - 

*I 

common on many apparent ly  o l d  s u r f a c e s  inc lud ing  t h e  Imbrian 

b l anke t  (Fra Mauro Formation).  I t  may r e f l e c t  a t h i c k e r  

l a y e r  of s u r f i c i a l  deb r i s  i n  t h e s e  areas of r e l a t i v e l y  old 

t e r r a i n  so t h a t  in te rmedia te  s i z e  craters have an i n i t i a l l y  

s o f t  appearance and a r e  r ap id ly  destroyed.  An a l t e r n a t i v e  

exp lana t ion  i s  t h a t  a m a n t l e  of p y r o c l a s t i c s  is p resen t .  

This  s i t e  a lso inc ludes  the crater i n  which Surveyor I11 

landed. 

11. PRIMARY SCIENTIFIC OBJECTIVES 

A. Deploy t h e  f i r s t  ALSEP, c o n s i s t e n t  w i t h  a seismic n e t .  

B. Demonstrate r edes igna t ion  c a p a b i l i t y  i n  a mare landing 

V I  

as p r e p a r a t i o n  f o r  f u t u r e ,  more d i f f i c u l t  s i tes.  

C .  E f f e c t i v e l y  sample a second mare f o r  comparison wi th  

. A p o l l o  11 and Surveyor da t a .  The purpose is  t o  l e a r n  

the v a r i a b i l i t y  i n  composition and age of t h e  "Imbrian" 

mare unit. 
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high  r e s o l u t i o n  photography 

candida te '  l anding  s i tes  Fra 

(from 

Mauro 

o r b i t )  of 

and 

111. SECONDARY SCIENTIFIC OBJECTIVES 

A. Examine Surveyor I11 s i t e  f o r  i n d i c a t i o n s  of 

Descartes. 

changes 

t o  t h e  l u n a r  su r face  o r  

B. Attempt t o  d i sc r imina te  

' I  

ray m a t e r i a l .  

t he  s p a c e c r a f t  . 
between mare and Copernican 
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LANDING SITE 5 (APOLLO 1 2  ALTERNATE) 

I . BACKGROUND 

Th i s  s i t e  i s  located w i t h i n  r e l a t i v e l y  young ( E r a -  

t o s t h e n i a n )  mare material. 

and Landing S i t e  7 ,  t h e  a rea  of t h i s  s i t e  d i s p l a y s  a large 

number of i n t e r m e d i a t e  s i z e  craters 50-200 m i n  d i ame te r  

and a s m a l l  number of  l a r g e r  subdued craters 200-600 m i n  

I n  c o n t r a s t  t o  T r a n q u i l i t y  Base 

diameter. The s i t e  i s  surrounded by well-developed r a y  

c l u s t e r s  of t h e  Kepler s y s t e m .  Small ,  weakly-developed 

crater c l u s t e r s  and l ineaments rad ia l  t o  Kepler occur  w i t h i n  

.. . 
..I 

t h e  s i te .  Thus some m a t e r i a l  d e r i v e d  from depth a t  Kepler 

may be p r e s e n t  i n  t h e  s u r f i c i a l  material and f i n e - s c a l e  

t e x t u r a l  d e t a i l s  r e l a t e d  t o  t h e  Kepler r a y s  may a l so  be 

p re sen t .  There are more r e s o l v a b l e  b locks  ( >  2 m) around 

craters t h a n  i n  t h e  t h r e e  sites t o  t h e  east  (Landing Sites 

1, 2 and 3) sugges t ing  t h a t  t h e  s u r f i c i a l  material i s  

g e n e r a l l y  coarser grained.  

I1 . PRIMARY SCIENTIFIC OBJECTIVES 

V I  A. Deploy t h e  f i r s t  ALSEP, c o n s i s t e n t  w i th  a seismic n e t .  

B. Demonstrate r edes igna t ion  c a p a b i l i t y  i n  a mare l and ing  

as p r e p a r a t i o n  f o r  f u t u r e ,  more d i f f i c u l t  sites. 

C. E f f e c t i v e l y  sample Era tos thenian  age m a r e  material  for  

comparison wi th  t h e  samples from Apollo 11. 

D. Obtain h igh  r e s o l u t i o n  photography ( f r o m  o r b i t )  o f  

f u t u r e  cand ida te  l and ing  s i tes  F r a  Mauro and Descartes. 

111. SECONDARY SCIENTIFIC OBJECTIVES 

Attempt t o  d i s c r i m i n a t e  between mare and Kepler ian  r ay  

material . 
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FRA MAURO FORMATION* 

I. BACKGROUND ' 

Th.e s i t e  of t h e  F r a  h u r o  Forma-ion i s  i n  an e x t e n s i v e  

geo log ic  u n i t  cover ing  great p o r t i o n s ' o f  t h e  lunar s u r f a c e  

around Mare Imbrium. T h e r e f o r e  a miss ion  t o  t h i s  s i t e  

would r e s u l t  i n  an understanding of t he  n a t u r e ,  composition, 

and o r i g i n  of t h i s  widespread format ion ,  which i s  i n t e r p r e t e d  

as ejecta f r o m  Imbrium. 

11. PRIMARY SCIENTIFIC  OBJECTIVES 

A. E f f e c t i v e l y  sample t h e  Fra Mauro formation.  Blocks of 

(p rev ious ly )  deep-seated material  and i n t e n s e l y  shocked 

material  should be sought. 

B. Deploy ALSEP c o n s i s t e n t  w i th  a seismic n e t .  

111. SECONDARY S C I E N T I F I C  OBJECTIVES 

A. Impact t h e  S- IVB s t a g e  t o  enhance t h e  d a t a  r e t u r n  f r o m  
, 

t h e  p a s s i v e  seismic experiment.  

B. Obta in  a d d i t i o n a l  landing s i t e  photography of Censorinus.  

/ 

* N o  Apoi'lo miss ion  des igna t ion  i s  g iven  f o r  t h i s  s i t e  o r  
subsequent  s i n c e  t h e  sequen.ce o f  t h e  s i tes  is  as y e t  undetermined. 

Y 
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CENSORINUS-NORTHWEST 

I. BACKGROUND 

Censorinus i s  a 3 . 8  km diameter  impact (? )  crater 

l o c a t e d  w i t h i n ,  b u t  near  t h e  edge, of  a h igh land  area south-  

s o u t h e a s t  of Mare T r a n q u i l l i t a t i s .  T h e  proposed l a n d i n g  

s i t e  i s  t o  t h e  northwest of t h e  crater w i t h i n  t h e  e j e c t a  

b l anke t .  T h e  s i t e  offers a unique oppor tun i ty  t o  sample,  

I 

e a r l y  i n  t h e  l u n a r  e x p l r o a t i o n  p l a n ,  bo th  h ighland  material  

and f e a t u r e s  a s s o c i a t e d  w i t h  a fresh impact crater. 
I 

11. PRIMARY SCIENTIFIC OBJECTIVES 

A. Sample a v a r i e t y  of  h igh land  material  exposed as e jecta  

of a young, upland c r a t e r .  This  sampling may be done 

on t h e  d i s t a l  edge of t h e  ejecta b l a n k e t  o r i g i n a t i n g  

from Censorinus. 

Deploy ALSEP c o n s i s t e n t  w i t h  a seismic ne t .  B. 
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RIMA BODE I1 

I. BACKGROUND 

T h i s  s i t e  is  adjacent  t o  a s i n g l e  l i n e a r  r i l l e  which 

runs c l o s e  t o  a f r e s h ,  e longate  crater and a c r a t e r  cha in .  

Both t h e  r i l l e  and t h e  crater are p o s s i b l e  sources  of a 

number of dark geologic  u n i t s  probably of v o l c a n i c  o r i g i n .  

E a r t h  analogs of some of t h e s e  s t r u c t u r e s  y i e l d  rocks 

brought  up from g r e a t  depths.  
.. 

11. PRIMARY S C I E N T I F I C  OBJECTIVES @ 

A. Sample ejecta a s soc ia t ed  w i t h  t h e  crater  cha in ,  s p e c i f i c a l l y  

looking f o r  m a t e r i a l  of deep-seated o r i g i n .  

B. Deploy ALSEP i f  c o n s i s t e n t  w i t h  a seismic n e t .  
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SCIENTIFIC OBJECTIVES FOR THE "J" M I S S I O N S  
L 

- Apollo 1 6  Through Apollo 20  - 
TY'CHO-NORTH RIM* 

I. 

11. 

BACKGROUND 

Tycho i s  a 9 0  km diameter b r i g h t  crater i n  t h e  

southern  h ighlands .  I ts  prominent r a y  system extends  ove r  

much of t h e  f r o n t  face of t h e  Moon. T h e  proposed l and ing  

s i te  is  l o c a t e d  on t h e  continuous ejecta b l a n k e t  and 

c o n s i s t s  of both  b r i g h t  and dark  material. The landing  

s i t e  i s  l o c a t e d  n e a r  t h e  Surveyor V I 1  s p a c e c r a f t .  

PRIMARY S C I E N T I F I C  OBJECTIVE 

The primary s c i e n t i f i c  o b j e c t i v e  is t o  col lect  a 

wide v a r i e t y  of upland rock types  excavated  by t h e  impact 

even t  from t h a t  p a r t  of  t h e  l u n a r  " c r u s t "  r e p r e s e n t a t i v e  

of sou the rn  h ighland  m a t e r i a l s .  TV p i c t u r e s  show t h a t  a 

h i g h l y  varied assemblage of rocks  l i e s  on t h e  l u n a r  s u r f a c e  

i n  a s m a l l  area around t h e  s p a c e c r a f t .  The v a r i e t y  of  rock 

t y p e s  should  a l l o w  sampling of l u n a r  rocks r e p r e s e n t i n g  a 

ver t ical  range of  several ki lometers .  The materials should 

shed l i g h t  on i n t r u s i v e  and e x t r u s i v e  p rocesses  i n  t h e  

l u n a r  h ighlands  which may be fundamentabJy d i f f e r e n t  f r o m  

t h o s e  p rocesses  o p e r a t i n g  i n  t h e  mare b a s i n s .  A d d i t i o n a l l y ,  

emplaced geophys ica l  ins t ruments  w i l l  al low a comparison t o  

be  made wi th  r e s p e c t  t o  mare areas as t o  t h e  n a t u r e  and 

thickness..yof t h e  " c r u s t "  i n  t h e  l u n a r  uplands.  Radiometric 

t echn iques  shou ld  allow t h e  d a t i n g  of t h e  o r i g i n a l  conso l i -  

d a t i o n  of t b e  c r u s t a l  rocks and t h e  d a t e  of  t h e  young impact 

even t .  

, 

* 
Prepared by H. Masursky, G. Swann, D. E l s t o n ,  and 
J. Slaybaugh. 
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SECONDARY SCIENTIFIC OBJECTIVES 

The secondary o b j e c t i v e s  are t o  i n v e s t i g a t e  and 

sample t h e  s t r u c t u r e d  ground, t h e  s p e c t a c u l a r  f lows,  and 

the  "ponds" t h a t  a r e  i n t e r p r e t e d  va r ious ly  as ejecta,  post-  

impact vo lcanics  and post-impact d e b r i s  f lows. Examination 

of t h e  distrubed 1 u n a r . s u r f a c e  n e a r  t h e  Surveyor s a p c e c r a f t  

w i l l  also provide information on t h e  c h a r a c t e r  and ra te  of 

l u n a r  weather ing and erosion.  Pieces of t h e  Surveyor space- 

craft  would be c o l l e c t e d  t o  determine t h e  degrada t ion  of 
. - .  

*I 

mechanical systems exposed t o  t h e  l u n a r  environment f o r  

comparat ively long per iods of t i m e .  L a s t l y ,  t h e  va r ious  

f low- l ike  f e a t u r e s  and t h e  dark h a l o  p a r t  of t h e  ejecta 

b lanke t  conceivably may contg in  v o l a t i l e s  i n  mine ra l s  or 

as ice. 

MISSION REQUIREMENTS 

General  

Evalua t ion  of t h e  high r e s o l u t i o n  Orb i t e r  V photograph 

of the  Tycho r i m  m a t e r i a l  i n  t h e  v i c i n i t y  of Surveyor VI1 

sugges t s  t h a t  a s u b s t a n t i a l  p a r t  of t h e  area t o  be inves t i -  

ga t ed  would n o t  be t r a v e r s e a b l e  by a roving vehicle. Because 

of t h i s ,  only f o o t  t r a v e r s e  e x p l o r a t i o n  has  been o u t l i n e d .  

For  selected sites,  f o o t  t r a v e r s e  ope ra t ions  w i t h i n  approxi-  

mately a 3 km r a d i u s  could i n v e s t i g a t e  most of t h e  d i f f e r e n t  

g e o l o g i c a l  u n i t s  recognized. A s p o t  landing  would be r e q u i r e d  

for  foot t r a n s v e r s e  exp lo ra t ion .  Landing should  occur  i n  

a " t r a n s i t i o n "  zone about midway between t h e  i n n e r  b r i g h t  

r i m  material and t h e  enc los ing  "dark ha lo"  p a r t  of t h e  e jects  

b l anke t .  
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Tge geologic  complexity and t h e  rough t e r r a i n  i n  t h e  

Tycho ejecta b lanke t  w i l l  probably pose some problems t o  

t h e  missions i n  t e r m s  of l o g i s t i c s .  But t h e  presence of 

many l a r g e  b locks ,  and r e l a t i v e l y  t h i n  " r e g o l i t h "  w i l l  a i d  

i n  sampling and making unabiguous geologic  observa t ions .  

A. Landing accuracy 

I 

To adequately sample and s tudy  s e v e r a l  of t h e  m o s t  

important  f e a t u r e s  i n  t h e  a r e a  w i l l  r e q u i r e  a p o i n t  

landing t o  wi th in  about 1 / 2  km accuracy i n  a nor th-  

south d i r e c t i o n  and about 1 1 / 2  km i n  an eas t -wes t  

d i r e c t i o n .  

B. Optimum r a d i u s  of ope ra t ions  

The optimum radium of o p e r a t i o n  i s  2 .6  km. 

C. Minimum r a d i u s  of operation- 
*I 

Aithough t h e  Surveyor V I 1  s i t e  would be d e l e t e d  f o r  

a minimum t r a v e r s e ,  t h i s  would n o t  decrease t h e  r e q u i r e d  

2.6 k m  r a d i u s  of ope ra t ions  t h a t  i s  t h e  m i n i m u m  accep tab le  

f o r  meeting t h e  primary s c i e n t i f i c  o b j e c t i v e s .  

D. Shape of t a r g e t  

The areas t o  be s tud ied  l i e  d i spe r sed  along a narrow 

north-south zone. 

E. Photo reauirements  

(1) s c i e n t i f i c  - the  a v a i l a b l e  Lunar O r b i t e r  V photo- 

graphs are adequate f o r  s c i e n t i f i c  planning of 

t h i s  miss ion .  

, 



- 20 - 

(2 )  o p e r a t i o n a l , -  t h e  a v a i l a b l e  Lunar O r b i t e r  V photo- 

graphy i s  n o t  adequate f o r  d e t a i l e d  s tudy  of 

communications problems t h a t  might be encountered 

due t o  occu la t ion  by topography. 

F. S c i e n t i f i c  equipment 

1. Emplaced - t h e  most impor tan t  ins t ruments  are 

pass ive  seismometer and laser ranging r e t r o r e f l e c t o r  

i n  o r d e r  t o  t a k e  advantage of t h e  high l a t i t u d e  of 

t h i s  site. A mass spec t rometer  may d e t e c t  v o l a t i l e s  

a s s o c i a t e d  wi th  r e c e n t  volcanism. Gravimeter and 

magnetometer would provide a d d i t i o n a l  data t o  

c h a r a c t e r i z e  t h e  southern  h ighlands ,  however t h e s e  

are n o t  r equ i r ed  a t  t h i s  s i te .  

2. Astronaut  - Geologic hand t o o l s ,  t h e  LSS, and a 

second camera, p re fe rab ly  sterometric, fo r  t h e  o t h e r  

a s t r o n a u t ,  and sample c o n t a i n e r s  f o r  1 0 0  - 200 l b  
-. 

of samples,  are required.  

3.  O r b i t a l  - High r e s o l u t i o n  camera for  photographing 

t h e  Tycho s i t e  f o r  d e t a i l e d  posf-mission mapping and 

a p p l i c a t i o n  of re turned  d a t a  and a gamma-ray spec t ro -  

meter are d e s i r a b l e .  

G. Number of EVA'S 

A m i n i m u m  . *. of t h r e e  EVA'S are r e q u i r e d  t o  accomplish t h e  

major geo log ic  o b j e c t i v e s ,  and an a d d i t i o n a l  EVA f o r  t h e  

deployment of t h e  ALSEP. 



- _  . '\ - 2 1  - 

H. Si te-dependent  sc ience  requirements  

The p a s s i v e  Seismometer, laser r e t r o r e f l e c t o r ,  and 

mass spectrometer  a r e  s i te-dependent  ins t ruments .  The 

seismometer and retroreflector r e q u i r e  such a h igh  

l a t i t u d e  s i te  t o  opt imize n e t  o p e r a t i o n ,  whi le  t h e  m a s s  

spec t rometer  w i l l  be  used t o  d e t e c t  any gaseous vo lcan ic  

r e s i d u e  a s s o c i a t e d  with t h i s  s i t e .  

I. Communications problems 
.. 

TGpography w i l l  p resent  a Zommunications problem on 

t r a v e r s e s  g r e a t e r  than a f e w  terns of meters long. The 

l and ing  s i te  is  on s u f f i c i e n t l y  high ground which w i l l  

h e l p  a l l e v i a t e  t h e  problem, b u t  it i s  expected t h a t  t h e  

a s t r o n a u t  w i l l  be occulated from t h e  LM f o r  s h o r t  pe r iods  

due t o  topographic  i r r e g u l a r i t i e s .  

J. Sample r e t u r n  requirements  

Due t o  t h e  v a r i a b i l i t y  i n  s u r f a c e  f e a t u r e s ,  and t h e  

depth  f r o m  which Tycho ejecta w a s  de r ived ,  it i s  expected 

t h a t  a wide v a r i e t y  of m a t e r i a l s  w i l l  be p re sen t .  There-  

fore, t h e  sample r e t u r n  c a p a b i l i t y  must be  a t  least 

100 l b s  and p re fe rab ly  200 l b s .  
? '  

K. Engineering cons ide ra t ions  

The a t t a c h e d  Table shows t h e  on s i te  t i m e s  a v a i l a b l e  

w i t h  both t h e  -6 and t h e  -7 PLSS f o r  t h e  3 geo log ic  

t r a v e r s e s .  These t imes a r e  margina l ly  adequate  wi th  

the -6 PLSS. E i t h e r  t h e  -7  PLSS or  more l i b e r a l  
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9: 

assumptions concerning t h e  -6 PLSS are requ i r ed  t o  

i n s u r e  s u f f i c i e n t  t i m e  a t  t h i s  very complex s i te .  

The maximum emergency r e t u r n  d i s t a n c e  ( 2 . 6  km) w i l l  

r e q u i r e  t h e  c a p a b i l i t i e s  of a SLSS. 

t h e  nav iga t ion  and  communication requirements  are n o t  

m e t  due t o  o c c u l t a t i o n  by s u r f a c e  topography w i l l  r e q u i r e  

The degree t o  which 
I 

f u r t h e r  a n a l y s i s  b u t  w i l l  probably be severe. 

The hardware i t e m s  necessary  t o  accomplish t h e  

o u t l i n e d  mission are t h e  fol lowing:  

1. Poin t  landing wi th  0.5 km redes igna t ion  
c a p a b i l i t y .  

2. ALSEP ( inc luding  p a s s i v e  seismic s t a t i o n ) .  

3.  Constant volume s u i t .  . 

4 .  - 7  PLSS. 

5 .  54 h r  s t a y  t i m e .  ?I 

The engineer ing  matr ix  on which these conclus ions  were 

based i s  a t tached .  

e -  . .T .-- .... : .- 
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COPERNICUS CENTRAL PEAKS* 

I. 

I1 . 

BACKGROUND 

The crater  Copernicus i s  t y p i c a l  of  large f r e s h  

'craters b e l i e v e d  t o  have been formed by impact.  I t  has  

massive c e n t r a l  peaks be l i eved  t o  expose deep-seated rocks 

u p l i f t e d  from beneath t h e  crater f l o o r .  Smal le r  dome-like 

h i l l s  nea r  t h e  c e n t r a l  peaks may be r e l a t e d  t o  t h e  c e n t r a l  

peak o r  have a d i f f e r e n t  o r i g i n .  

The c e n t r a l  peaks,  domes, and t h e  crater f l o o r  

material can be sampled w i t h i n  4 t o  5 k m  of a l and ing  s i t e  

(s i te  2 on map) on a smooth f l o o r  material n o r t h  of  t h e  

m o s t  c e n t r a l  l a r g e  peak. 

i s  n e a r e r  t h e  c e n t r a l  peak area b u t  t h e  approach i s  more 

hazardous and t h e  landing  area c o n t a i n s  a h i g h e r  concentra-  

t i o n  of  s m a l l  craters . 

An a l t e r n a t e  s i t e  ( s i te  1 on map) 

The c e n t r a l  peak of Copernicus i s  c u r r e n t l y  cons idered  

as t h e  t a r g e t  for  Apollo 1 6  which i s  t e n t a t i v e l y  scheduled 

for  launch i n  A p r i l  1971. 

PRIMARY SCIENTIFIC OBJECTIVES 

A. T o  sample r e p r e s e n t a t i v e  materials i n  t h e  c e n t r a l  

area of a l a r g e  rayed crater. 

t h e  sampling areas are :  

I n  o r d e r  of importance 

I * .  

1. C e n t r a l  peak 

2. D o m e s  or hummocks 

3. Crater f l o o r  m a t e r i a l s  (smooth and rough) 

*Prepared by J. W. D i e t r i c h ,  G. U l r i ch ,  D. T. Appleton, and 
E. M. Crum. 
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I11 . 

I V .  

B. To o b t a i n  ex tens ive  photographic  documentation and 

c a r e f u l  d e s c r i p t i v e  d a t a  of  t h e  s t r u c t u r a l  charac- 

terist ics of bedrock, ou tc rops ,  s o i l s ,  and b l o c k .  

f ields w i t h i n  t h e  l a r g e s t  p o s s i b l e  area i n c l u d i n g  

I I ’A,  1-3. 

SECONDARY S C I E N T I F I C  OBJECTIVES 

A. Perfom. reconnaissance e x p l o r a t i o n  of t h e  crater 

w a l l s  u t i l i z i n g  m u l t i s p e c t r a l  photography from a 

mounted, long foca l - length  camera. 

BO I n s t a l l  a l o n g - l i f e ,  p a s s i v e  seismometer f o r  o b t a i n i n g  

sub-sur face  s t r u c t u r a l  i n fo rma t ion  from below t h e  

crater f loo r  . 
MISSION REQUIREMENTS 

A. 

B. 

C. 

DO 

Landing Accuracy 

P i n p o i n t  l and ing  accuracy i s  r equ i r ed .  

(1/2 km r a d i u s )  a t  e i t h e r  l and ing  si te.  
-, 

Optimum Radius of Operation 

2.5 km f o r  l and ing  si te 1. 

/ 5.0 km for  l and ing  si te 2 .  

Minimum Radius of Operation 

The minimum r a d i u s  of o p e r a t i o n  i s  2.5 km fo r  l and ing  

s i t e  1 and 5 km f o r  s i t e  2. 

Shapemeof Target 

The landin?  targets for both  l and ing  s i t e s  are ap- 

proxima$ely 1-km diameter circles . 
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E. Photo Requirements 

Metric photography of a 300 sq. km area wi th  0.5 

t o  2 meter r e s o l u t i o n  f o r  topographic  a n a l y s i s  

would permit  more e f f e c t i v e  m i s s i o n  planning.  T h i s  

photography could be obta ined  from R i m a  Bode mission 

F. S c i e n t i f i c  Equipment 

1. Emplaced .. . 
*I 

a. Pass ive  Seismic Experiment (not  n e c e s s a r i l y  

e n t i r e  ALSEP) 

b. Heat Flow (3-m d r i l l  r e q u i r e d )  

2. Astronaut  carried 

a. Hand t o o l s  

b. LGEC 

c .  LSS 

d. SRC (3 )  

e. Long foca l - length  camera (Ques ta r? )  

3. O r b i t a l  

a. Pan C a m e r a  

b. S-Band Transponder 

c .  Laser A l t i m e t e r  

G. N u m b e r  of EVA'S  and Traverses  

Landing s i t e  1 requ i re s  3 EVA'S with one long,  one 

in t e rmed ia t e  and one s h o r t  t r a v e r s e  p l u s  those  neces- 

sary f o r  emplaced experiments and housekeeping. Landing 

.̂  
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s i t e  2 r e q u i r e s  2 EVA'S with long  traverses and a 

p a r t  of t h e  housekeeping EVA f o r  a s h o r t  traverse 

p l u s  t i m e  necessary for emplaced experiments.  

'H. S i t e  Dependent Science Requirements 

A l o n g - l i f e  pas s ive  seismic experiment (emplaced 

as p a r t  of a seismic n e t )  should  provide  s i g n i f i c a n t  

d a t a  about t h e  sub-surface s t r u c t u r e  of Copernicus.  

Act ive  seismic devices  are n o t  recommended because 

t h e  complex s t r u c t u r e  expected i n  t h e  sub-surface 

nea r  t h e  c e n t r a l  peaks probably r e q u i r e s  e x t e n s i v e  

surveys  for  s i g n i f i c a n t  r e s u l t s .  

Copernicus Peaks provides  t h e  only  oppor tun i ty  i n  

t h e  f i r s t  t e n  Apollo Missions t o  emplace a h e a t  f low 

experiment on t h e  f l o o r  of a' large,; rayed crater of 

probable  impact o r i g i n .  H e a t - f l o w  data i n  t h i s  r e g i o n  

might  be s i g n i f i c a n t  a f t e r  t h e  "normal" h e a t  f l o w  of 

t h e  moon i s  e s t a b l i s h e d  - on e i t h e r  ear l ier  o r  l a t e r  

missions.  However, h e a t - f l o w  data have l o w  p r i o r i t y  

i n  comparison wi th  the requirements  f o r  a s t r o n a u t  

equipment, a seismometer, and a d d i t i o n a l  m o b i l i t y  i f  

available. .The  value o f  a s i n g l e  de t e rmina t ion  is  

doub t fu l  i n  l i g h t  of t h e  appa ren t  cost i n . w e i g h t .  I f  
*A: 

s u r v e i l l a n c e  TV can be mounted a t  t h e  LM p r i m a r i l y  for  

EVA, it should be mounted h igh  on t h e  s t r u c t u r e .  

It would be  d e s i r a b l e  t o  c a r r y  a long  foca l - l eng th  

camera (Questar?)  f o r  photographing t h e  i n t e r i o r  of 
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I. 

J. 

Copernicus (360' panoramic of w a l l  and c e n t r a l  peaks)  

from t h e  ZM area. The camera r e q u i r e s  a s t a b l e  

mount. I f  mount i s  p a r t  of LM, m u l t i p l e  mounts 

should be provided t o  permi t  t h e  360' panorama. 

t r i p o d  mount could be p l aced  c l e a r  of t h e  LM. From 

landing  s i t e  1, more than  180' of  crater r i m  can be 

photographed, 

of crater r i m  i s  v i s i b l e .  From e i t h e r  s i t e ,  t h e  

c e n t r a l  peaks w i l l l o c c u l t  only p a r t  of t h e  remaining 

r i m .  

Communi c a t i o n  Problems 

A 

From landing  s i te  2 ,  more than 210' 

Some shor t  LOS periods a r e  expected on a l l  t r a v e r s e s .  

From s i t e  2 ,  poss ib l e  unde tec t ab le  g e n t l e  topographic  

f e a t u r e s  could cause e x t e n s i v e  LOS on longer  t r a v e r s e s .  

Sample Return Requirements 

1. Both rock and soils; those from bedrock m u s t  be 
, 

c a r e f u l l y  documented. 

2.  Three S R C ' s  - 1 5 0  l b s  of samples.  

Each box w i l l  include samples from one o r  more of 
/ 

t h e  fo l lowing  types  of f e a t u r e :  

1. - 

2. - 

Samples from f o o t  of  peaks t h a t  a r e  c h a r a c t e r i s t i c  

of t h e  v a r i e t y  of rocks t h e r e  and d e s c r i p t i o n  of 

t h e  rocks t h a t  i n d i c a t e  re la t ive abundance of each 
-. 5 

type  

Samples from several s m a l l  domes c h a r a c t e r i s t i c  

of t h e  types  found, wi th  an i n d i c a t i o n  of t h e  
w 

r e l a t i v e  abundance . 
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3. - Typica l  samples f r o m  t h e  crater  f loor ,  p r e f e r a b l y  

from both  smoo th  and rough materials now mapped. 

A l s o  samples from 300 m blocky crater  t o  o b t a i n  

subfloor m a t e r i a l s .  

K. Engineering Consideratons 

A r e p r e s e n t a t i v e  ,sampling of t h e  c e n t r a l  peaks re- 

q u i r e s  a larger  a r e a l  coverage than  t h a t  shown i n  t h e  

traverses drawn from e i t h e r  s i t e  1 o r  s i te  2. A 

l and ing  a t  s i t e  1 permits  'a walking traverse t h a t  

samples one s m a l l  a r ea  i n  30 t o  9 0  minutes  which w i l l  

be  f a r  f r o m  r e p r e s e n t a t i v e .  The a d d i t i o n  o f  m o b i l i t y  

(LRV) w i l l  i n c r e a s e  the  l e n g t h  of u s e f u l  EVA t i m e  f o r  

.. . 

s c i e n t i f i c  t a s k s  by as  much as 200%. I t  would conserve 

t h e  e n e r g i e s  of t h e  a s t r o n a u t s  by r e q u i r i n g  less t h a n  

one f o u r t h  t h e  BTU's  en rou te .  These f a c t o r s  combine 

t o  i n c r e a s e  t h e  length  of traverse a v a i l a b l e  for  more 

comprehensive coverage of c r i t i c a l  areas l i k e  t h e  

base  of t h e  peaks by p r o p o r t i o n a l  amounts. A de lay  

of t h e  Copernicus mission u n t i l  t h e  LRV i s  a v a i l a b l e  

i s  desirable. Other eng inee r ing  c o n s i d e r a t i o n s  are 

summarized i n  t h e  a t t ached  t a b l e .  
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MARIUS HILLS* 

I. BACKGROUND. 

The Marius H i l l s  vo l can ic  complex, n e a r  t h e  c e n t e r  

of Oceanus Procel larum, is  one of t h e  most concen t r a t ed  

and varied a r r a y s  of probable  v o l c a n i c  f e a t u r e s  on t h e  

Moon. I t  l i es  a t h w a r t  'one of t h e  l o n g e s t  cont inuous ly  

developed r i d g e  systems on t h e  Moon and i s  n e a r  t h e  c e n t e r  

o f ,  and p a r a l l e l  to ,  t h e  major a x i s  of Oceanus Procel larum, 

t h e  largest  cont inuous expanse of  maria  on t h e  Moon. The 

Marius H i l l s  r eg ion ,  t h e  A r i s t a r c h u s  P l a t e a u ,  and t h e  

Rumker  H i l l s  a l l  l i e  along this "mid-oceanic" Procel larum 

.-  . .' 

r i d g e  system and are similar i n  c e r t a i n  r e s p e c t s  t o  ter- 

res t r ia l  ocean ic  p l a t e a u s  suoh as Iceland and t h e  Azores. 

On Ear th ,  p l a t e a u s  of t h i s  t ype  are located a long  major 

rift zones commonly a t t r i b u t e d  t o  r i s i n g  convec t ion  cur- 

r e n t s  wi-thin t h e  E a r t h ' s  mantle.  I ts  unusual r e g i o n a l  

s e t t i n g ,  t h e r e f o r e ,  r a i s e s  t h e  q u e s t i o n  as t o  whether t h e  

* >  *Prepared by T. Karlstrom, W. Per ry ,  M. T. Yates, and 
R. D. Raymond. Fur the r  r e fe rence  should  be made to :  

"Pre l iminary  Lunar Explora t ion  P l a n  of the 
Marius H i l l s  Region of t h e  Moon" by T. N. V. 
K a r l s t r o m ,  J. F. McCauley, and G. A. Swann. 
U . S .  Geological  Survey In te ragency  Report: 
Astrogeology 5 ,  February 1 9  6 8. 

f r o m  which much of t h e  background material  f o r  t h i s  r e p o r t  i s  
taken.  See a l so  

"Five Day Mission t o  I n v e s t i g a t e  t h e  Geology 
of t h e  Mar ius  H i l l s  Region o f  t h e  Moon" by 
D. P. E l s t o n  and C. R. Willingham. U.S. 
Geological Survey In te ragency  Report:  Astro- 
geology 1 4 ,  A p r i l  1969 .  
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Marius H i l l s  v o l c a n i c  complex i s  indeed t h e  p roduc t  of 

deep-seated l u n a r  convection. The range i n  form o f  

probable  v o l c a n i c  f e a t u r e s  raises t h e  a d d i t i o n a l  q u e s t i o n  

bf whether magmatic d i f f e r e n t i a t i o n  has  occurred  on t h e  

Moon. I f  so, how d i d  it occur and what are t h e  end 

products?  A r e  this and o t h e r  mid-Procellarum p l a t e a u s  

t h e  f i n a l  d i f f e r e n t i a t i o n  products  of the more p r i m i t i v e  

basalt ic magmas t h a t  i n i t i a l l y  f i l l e d  t h e  m a r e  b a s i n s ?  

Even i f  such q u e s t i o n s  are on ly  p a r t l y  answered, o u r  

understanding of l u n a r  volcanism and i t s  role  i n  s u r f a c e  

e v o l u t i o n  w i l l  be  g r e a t l y  improved. The Marius H i l l s  i s  

i d e a l ,  f r o m  t h e  s t andpo in t  of l o g i s t i c  ease and p o t e n t i a l  

s c i e n t i f i c  r e t u r n  f o r  a manned l u n a r  l and ing  designed t o  

i n v e s t i g a t e  l u n a r  vo lcan ic  problems. 
41 

11. PRIMARY S C I E N T I F I C  OBJECTIVES 

The s c i e n t i f i c  requirements of a s u r f a c e  miss ion  i n  

t h i s  area are t o  g a t h e r  geologic  and geophys ica l  d a t a  t h a t  

b e a r  on t h e  o r i g i n ,  h i s t o r y ,  and t h e  age of t h e  Marius 

H i l l s .  I f  t h e  s t e e p  domes, punctured cones,  and narrow 

r i d g e s  are composed of d i f f e r e n t  t ypes  of v o l c a n i c  rock 

t h a t  are more a c i d i c  than t h e  rocks  of t h e  maria, magmatic 

d i f f e r e n t i a t i o n  must have occurred  on t h e  Moon, a t t e s t i n g  

t o  a long  and complicated v o l c a n i c  h i s t o r y  f o r  even t h i s  

s m a l l  p l a n e t a r y  body. Geophysical d a t a  i n  c o n t e x t  wi th  

I) . 

t h e  geology,  pe t ro logy ,  and geochemistry,  may c o n t r i b u t e  

t o  e s t a b l i s h i n g  t h e  c h a r a c t e r  of local  uppe r -c rus t a l  
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f r a c t u r e  c o n t r o l .  An important  byproduct may be t h e  

d iscovery  o f  concen t r a t ions  of now c r y s t a l l i z e d  v o l a t i l e  

materials t h a t  w e r e  i n i t i a l l y  r e l e a s e d  benea th  t h e  

i n s u l a t i n g  r e g o l i t h .  

Therefore ,  t h e  primary s c i e n t i f i c  o b j e c t i v e s  of 

t h e  Marius H i l l s  miss ion are: 

A. To exp lo re  and sample a h i g h l y  d i v e r s e  probable  

vo lcan ic  complex. 

B. To emplace an ALSEP, w i t h  t h e  minimum r e q u i r e d  

experiments i nc lud ing  an A c t i v e  S e i s m i c  Experiment, 

a Pass ive  S e i s m i c  Experiment, a Mass Spectrometer ,  

and a H e a t  Flow Experiment. 

I n  o r d e r  t o  achieve t h e s e  primary o b j e c t i v e s  1) 

several of each t y p e  of t h e  major c o n s t r u c t i o n a l  f e a t u r e s  

must be desc r ibed  and sampled i n  d e t a i l ,  2 )  t h e  o r i g i n  

of t h e  punctured cones a n d  a s s o c i a t e d  f e a t u r e s  must be 
-, 

e s t a b l i s h e d  by f i e l d  d e s c r i p t i o n ,  photography, and sampling, 

3 )  t h e  e x c e p t i o n a l l y  f r e s h  narrow r i d g e  i n  t h e  southwest  

p a r t  of t h e  e x p l o r a t i o n  a rea  should be i n v e s t i g a t e d  w i t h  

t h e  view of e s t a b l i s h i n g  whether o r  n o t  it is  e r u p t i v e ,  
/ 

4 )  a local s t r a t i g r a p h i c  sequence should  be  e s t a b l i s h e d  by 

direct  obse rva t ion  of l o c a l  s u p e r p o s i t i o n  and i n t e r s e c t i o n  

r e l a t i o n s , -  and 5) i n  o rde r  t o  e s t a b l i s h  s u b s u r f a c e  s t r u c -  

t u r e ,  geophys ica l  measurements should be  made over t h e  
-. -. 

l o n g e s t  p o s s i b l e  b a s e  l i n e s .  
Y 
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111. SECONDARY S C I E N T I F I C  OBJECTIVES 

None . 
I V .  M I S S I O N  REQUIREMENTS 

A. 

B. 

Landing Accuracy 

I n  order t o  m a i n t a i n  t h e  advantage of preplanned 

traverses it i s  necessary  t o  l and  a t  t h e  des igna ted  
. 

p o i n t .  The c u r r e n t l y  a n t i c i p a t e d  p o i n t  l and ing  

guidance error of f 1 km is  marg ina l ly  accep tab le ,  it 

is  h i g h l y  d e s i r a b l e  t o  be able t o  r e d e s i g n a t e  closer 

t o  t h e  planned landing  p o i n t .  Landing close t o  t h e  

.-  - * ’. 

des igna ted  p o i n t  may h e l p  a l lev ia te  t h e  s u r f a c e  

n a v i g a t i o n  problem, i f  nav iga t ion  i s  based on area 

maps wi th  a p p r o p r i a t e  landmarks . 
Optimum Radius of  Operat ions 

Although a large r a d i u s  of  o p e r a t i o n s  would allow 

a more comprehensive s c i e n t i f i c  e x p l o r a t i o n  mission 

t o  be carried o u t ,  a 5 km optimum r a d i u s  of o p e r a t i o n s  

should  be s u f f i c i e n t  t o  achieve  t h e  minimum s c i e n t i f i c  

o b j e c t i v e s  . 
Minimum Radius of Operat ions 

Due t o  t h e  extremely complex n a t u r e  of t h i s  r e g i o n ,  

t h e  s c i e n t i f i c  o b j e c t i v e s  of this miss ion  cannot  be 

achieved wi th  less than a 4 .5  t o  5 km r a d i u s  of opera- 

t i o n s ,  assuming a p o i n t  landing .  
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D. 

I 

E. 

F. 

12 

Shape of Target 

A s  p r e s e n t l y  configured,  t h e  planned traverses 

approximately d e f i n e  a 4 by 9 km e l l i p s e  wi th  t h e  

major a x i s  approximately east-west. 

Photo Requirements 

Lunar O r b i t e r  photography i s  s u f f i c i e n t  for 

s c i e n t i f i c  and ope ra t ions  planning.  

S c i e n t i f i c  Equipment 

1. Emplaced - 
ALSEP, wi th  t h e  minimum r e q u i r e d  experiments  

i n c l u d i n g  an Active S e i s m i c  Experiment, a Pass ive  

Seismic Experiment, a Mass Spectrometer ,  and a 

Heat F l o w  Experiment . 
2. Astronaut -car r ied  -3 

Apollo Lunar F i e l d  Geology Equipment. I t  is 

necessary  t o  provide a i d s  t o  d i r e c t  t h e  a s t r o n a u t s  

t o  each s c i e n c e  l o c a t i o n  and t o  enab le  i d e n t i f i c a t i o n  

of t h e  p o i n t s  a t  which they  s top .  S ince  some of 

t h e  si tes are o u t  of l i n e - o u t - o f - s i t e  of  t h e  LM, 

an  a d d i t i o n a l  nav iga t ion  c a p a b i l i t y  beyond t h a t  

a v a i l a b l e  w i t h  t h e  p r e s e n t  s ta f f  is requ i r ed .  

S i m i l a r l y ,  a c a p a b i l i t y  for non-LOS communication 

i s  r equ i r ed .  
.' . 

3. O r b i t a l  

M u l t i - s p e c t r a l  photography, Alpha-Par t ic le  

Spectrometez Gamma R a y  Spectrameter .  
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G. Number of  EVA'S and Traverses  

Four t r a v e r s e s  a r e  r equ i r ed  and are o u t l i n e d  i n  

t h e  reference documents. 

pe r iods  . 
These w i l l  r e q u i r e  four '  EVA 

H. Site-Dependent Science Requirements 

The ALSEP ins t rumenta t ion  o u t l i n e d  above i s  con- 

s i d e r e d  s i t e  dependent a t  Marius H i l l s ,  s i n c e  t h e i r  

d a t a  is  expected t o  p e r t a i n  t o  t h e  i n t e r p r e t a t i o n  of 

t h i s  g e o l o g i c a l l y  complex reg ion .  

I . Communications Problems 

The planned t r a v e r s e  w i l l  t a k e  t h e  a s t r o n a u t s  o u t  

of l i ne -o f - s igh t  of t h e  LM. Obs tac les  t o  communica- 

t i o n  inc lude  d i s t a n c e  (over  t h e  h o r i z o n ) ,  h i l l s ,  and 

s u r f a c e  undula t ions .  A c a p a b i l i t y  f o r  non-LOS com- 

-. municat ion is required.  

J. Sample Return Requirements 

Because of t h e  du ra t ion  of t h e  mission and t h e  

complexity of t h e  t e r r a i n ,  a t  l e a s t  150 lbs of rocks 

should be c o l l e c t e d ,  r e q u i r i n g  a t  lepst t h r e e  Sample 

Return Containers .  

K. Engineering Considerat ions 

The system conf igu ra t ion  needed t o  accomplish t h e  

stated: science o b j e c t i v e s  inc lude :  

1. A three-day ELM t o  accommodate f o u r  EVA'S; 
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2. A l u n a r  roving v e h i c l e  t o  reach  t h e  s i tes  and  

provide  t h e  r equ i r ed  s c i e n c e  t i m e  a t  t h e  loca- 

t i o n s  ; 

. 3.  An EMU t o  provide t h e  3 1 / 2  hour  EVA (-7 PLSS) 

and extended contingency r e t u r n  c a p a b i l i t y  

(SLSS) ; 

4. An ALSEP inc lud ing  an active seismic experiment;  

5. Navigat ion a i d s  t o  locate the s p e c i f i e d  s i tes ;  

6 . Communications a i d s  t o  p r e v e n t  i n t e r r u p t i o n  due 
.. . .. 

t o  h i l l s ,  hor izon  l i m i t s  and undu la t ions ;  

7. Poin t  l and ing  with r e d e s i g n a t i o n  p r o p e l l a n t  

a v a i l a b l e  t o  al low t h e  traverses t o  s t a r t  from 

t h e  planned po in t .  
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DESCARTES* 

I .  

I. BACKGROUND 

The o r i g i n  and evo lu t ion  of t h e  l u n a r  h ighlands  

are problems which are b a s i c  t o  unders tanding  t h e  moon. 

The primary evidence r e l a t i n g  t o  these q u e s t i o n s  must 

come f r o m  a c t u a l  highland samples and from a close 

examination of h ighland  geo log ic  f e a t u r e s .  The Descartes 

area b e a r s  on t h e s e  ques t ions  i n  several impor tan t  re- 

s p e c t s .  

craters Censorinus and Tycho t h a t  i s  being'  cons ide red  f o r  

an Apollo l and ing ,  a n d  consequently i t  a f f o r d s  t h e  only 

chance t o  sample i n  s i t u  any of t h e  g e o l o g i c a l  u n i t s  as- 

s o c i a t e d  w i t h  t h e  highlands.  Major u n i t s  i n  t h e  Descartes 

area are t h e  l i g h t  t e r r a  p l a i n s  material and t h e  Descartes 

hil ly-and-furrowed type  material .  Both are common types  

of h ighland  materials whose n a t u r e  must be l e a r n e d  i f  l u n a r  

h ighland  evolution is  t o  be understood. The Descar tes  area 

appears  t o  b e  vo lcan ic  and may i n  f a c t  be a more mature 

v e r s i o n  of a Marius H i l l s  t ype  area. The h i l l s  may be 

v o l c a n i c  c o n s t r u c t i o n a l  forms and the wormy furrows may 

.. . 
F i r s t ,  it i s  t h e  on1;'highland area excep t  t h e  

c '  

be vo lcan ic  v e n t s .  The l i g h t  t e r r a  p l a i n s  materials i s  

immediately a d j a c e n t  t o  t h e  hil ly-and-furrowed r eg ion  

and will prov ide  a r e l a t i v e l y  smooth l and ing  s i t e  w i t h i n  

*Prepared by I). E. Wilhelms, D. S. McKay, L. C. Wade, 
A. €3. Chides t e r ,  and J. D. Richey. 
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easy  walk ing  d i s t a n c e  of a furrowed r i d g e  t y p i c a l  of 

t h e  hi l ly-and-furrowed ma te r i a l .  Samples of t h e  l i g h t  

terra p l a i n s  material w i l l  p rov ide  a comparison wi th  

' t y p i c a l  m a r e  material ,  

The emplacement of key in s t rumen t s  i n  t h e  ALSEP 

'package would be necessary as t h i s  i s  t h e  on ly  non-cra te r  

h ighlands  type s i t e  v i s i t e d  i n  Apollo,  and t h e  only  s i t e  

i n  the s o u t h e a s t  p a r t  of t h e  Moon. 

PRIMARY SCIENTIFIC OBJECTIVES 

A. To learn t h e  n a t u r e ,  p r i m a r i l y  through sampling, of 

the hilly-and-furrowed Descartes material, a wide- 

sp read  and s i g n i f i c a n t  l u n a r  h igh land  u n i t .  

B. To emplace ALSEP, s p e c i f i c a l l y  t h e  p a s s i v e  seismic, 

the active seismic, and t h e  h e a t  fJ,ow experiment.  

SECONDARY SCIENTIFIC OBJECTIVES 

A. To sample t h e  l i g h t  terra p l a i n s  material ,  ano the r  
I 

widespread u n i t .  

B. To determine  t h e  g e n e t i c  and age r e l a t i o n s  between 

the l i g h t  terra p l a i n s  material  and t h e  h i l ly -and-  

furrowed material. 

MISSION REQUIREMENTS 

A. Landing Accuracy 
d. 

Landing should  occur on t h e  l i g h ,  c o l o r e d  terra  

p l a i n s  m a t e r i a l  t h a t  embays t h e  Descartes h i l ly -and-  

furrowed material .  The prime l and ing  area should  be 

w i t h i n  walk ing  d i s t a n c e  of t h e  t y p i c a l  furrowed r i d g e .  
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A traverse l eng th  of between 3 and 4 k i lome te r s ,  

depending on t h e  landing  accuracy,  should r e s u l t .  

B. O p t i m u m  Radius of Oneration 

With nominal landing ,  t h e  optimum r a d i u s  of 

ope ra t ion  is  between 1 and 1.5 km. 

C. Minimum Radius of Operat ion 

The minimum r a d i u s  of o p e r a t i o n  i s  about  1 km for  

a s u c c e s s f u l  mission. 

D. Shape of Target 

The shape of  t h e  t a r g e t  is areal wi th  less t h a n  

p i n p o i n t  landing  accuracy r equ i r ed .  A l and ing  

t a r g e t  on t h e  terra  p l a i n s  m a t e r i a l  i n  an e - l l i p t i c a l  

area wi th  a major east-west a x i s  of 2 k i lome te r s  

and a minor north-south a x i s  of 1 k i lome te r  w i l l  

allow a l l  t h e  s c i e n t i f i c  o b j e c t i v e s  t o  be accom- 

p l i s h e d .  The terra  p l a i n s  m a t e r i a l  sp reads  w e s t -  

ward f r o m  t h e  hil ly-and-furrowed material. The 

-, 

t a r g e t  area i s  i n  t h e  eas te rnmost  extreme of t h e  

/ terra p l a i n s  material . 
E. Photo Requirements 

The s c i e n t i f i c  photo requirement  f o r  Descartes 

is t o  o b t a i n  high r e s o l u t i o n  photography f o r  more 

d e t a i i e d  traverse p lanning  and t h e  p r e p a r a t i o n  of 

surface d a t a  packages. 

Y 

-- . 
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Opera t iona l  photo requirements  f o r  Descartes are 

h igh  r e s o l u t i o n  monoscopic and s t e r e o s c o p i c  photography 

of t h e  l and ing  s i t e  f o r  LM l and ing  a n a l y s i s ,  and 

moderate r e s o l u t i o n  s t e r e o s c o p i c  photography for  

a n a l y s i s  of t h e  approach and the p r e p a r a t i o n  of t r a i n i n g  

materials and onboard charts and photo maps. T h i s  

moderate r e s o l u t i o n  photography w i l l  a lso c o n t r i b u t e  

t o  t h e  s c i e n t i f i c  a n a l y s i s  of t h i s  s i t e .  

Add i t iona l  photography is  r e q u i r e d  t o  p u t  t h i s  s i t e  .. . 
*I 

i n  an o p e r a t i o n a l  category.  P r e s e n t  photography i s  

b a r e l y  adequate  f o r  minimum m i s s i o n  planning.  

F. S c i e n t i f i c  Equipment 

1. Emplaced - The minimum emplaced equipment i n  

o r d e r  of  p r i o r i t y  i s :  

a. Pass ive  Se i smic  (ALSEP) 

b. Heat Flow (ALSEP) 

c. Active Seismic (ALSEP) 

d. Gravimeter 

2. Astronaut  carried - The minimum a s t r o n a u t  c a r r i e d  

equipment i n  order  of p r i o r i t y  is: 

a. Hand Tools 

b. P o r t a b l e  Sample Conta iner  

c .  S t e r e o  Camera 

d. D r i l l  (3-meter) fo r  h e a t  flow hole .  

e. Poss ib ly  a long focal l e n g t h  l e n s  ( t o  photo- 

graph up t h e  fur row) .  
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3.  O r b i t a l  - The m i n i m u m  s c i e n t i f i c  experiments  t o  

be c a r r i e d  i n  t h e  command module i n  order of 

p r i o r i t y  are : 

a. Gamma-Ray Spectrometer 

b. X-Ray Fluorescence Spectrometer  

c. Alpha P a r t i c l e  Spectrometer  

Number of EVA'S and Traverses 

Without h igh- reso lu t ion  photography, de t e rmina t ion  

of number, l eng th ,  and l o c a t i o n  o f  traverses and number 

of EVA'S i s  premature. T e n t a t i v e l y ,  t h e  Orb i t e r  I V  

photographs sugges t  t h a t  a s i n g l e  loop traverse 

nor th  of t h e  l and ing  s i t e  would s u f f i c e  f o r  examina- 

t i o n  of t h e  hilly-and-durrowed material .  

l and ing  s i t e  1 km s o u t h  of t h e  furrowed r i d g e ,  t h e  

traverse would e n t a i l  f i r s t  a 1 km walk t o  t h e  r i d g e ,  

t hen  a 500 m w a l k  westward a long  t h e  base of t h e  

r i d g e  and i n t o  t h e  f u r r o w  then  a 500 m walk towards 

a f r e s h ,  probably blocky 1 km crater whose e j e c t a  

probably i n c l u d e s  m a t e r i a l  f r o m  t h e  hil ly-and-furrowed 

u n i t ,  and f i n a l l y ,  a 1 km walk back t o  t h e  LM. A 

second EVA would be  necessary  f o r  deployment of t h e  

ALSEP. A t h i r d  EVA f o r  a traverse devoted t o  t h e  

p l a i n s  m a t e r i a l  o r  t o  o t h e r  o b j e c t s  r e v e a l e d  by the" 

h igh - re so lu t ion  photographs w i l l  d o u b t l e s s  a lso prove 

d e s i r a b l e .  

reveal f e a t u r e s  worthy of a d d i t i o n a l  EVA t i m e .  

From a - 

% 

Addi t iona l  h igh  r e s o l u t i o n  photography may 
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H. Site-Dependent Science Requirements 

The f o u r  experiments l i s t e d  i n  t h e  I V  F (1) and 

I V  F ( 3 )  above are s i te  dependent i n  t h e  s e n s e  t h a t  

t hey  are inc luded  because t h i s  i s  a h ighland  s i te .  

The composition of  t h e  s i t e  may be d i f f e r e n t  f r o m  o t h e r  

sites, and may show more r a d i o a c t i v i t y .  Other expe r i -  

ments may be added t o  t h e  ALSEP and o r b i t a l  package as 

d e s i r e d  b u t  would not be s i t e  dependent. The a s t r o n a u t -  

c a r r i e d  equipment i s  s t a n d a r d  and whi le  necessary  f o r  a 

s u c c e s s f u l  miss ion ,  i s  n o t  s i t e  dependent. 

I. Communications Problems 

J. 

As t h e  r a d i u s  o f  ope ra t ions  is always w i t h i n  2 km 

and t h e  p r i n c i p a l  o b j e c t i v e s  l i e  h i g h e r  t han  t h e  

landing  s i te ,  l i n e - o f - s i t e  communication can be . 

maintained.  I n  in s t ances  where topographic  f e a t u r e s  

c u t  off communication, t h e  second a s t r o n a u t  can be 
-, 

used as a r e l a y .  Without d e t a i l e d  photos it is  i m -  

p o s s i b l e  t o  i n d i c a t e  e x a c t l y  where this w i l l  occur  

on t h e  t r a v e r s e s .  
/ 

Sample Return Requirements 

I t  appears  now t h a t  two major types  of materials 

w i l l  be sampled and t h a t  t h e  t w o  s t a n d a r d  rock boxes 

w i l l  be  adequate  t o  r e t u r n  t h e  samples. It is  neces- 

s a r y  t o  provide  an adequate p o r t a b l e  sample c o n t a i n e r  
~ .- .. 

(bag) t o  be c a r r i e d  by t h e  a s t r o n a u t s  on t h e  foot 

traverse which can h o l d ' o n  t h e  o r d e r  of 50 pounds of 
Y 

rock . 
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K. Engineering Cons idera t ions  

This s tudy  i s  pre l iminary  and l i m i t e d  t o  a walking 

t r a v e r s e .  For t h i s  walking t r a v e r s e ,  it appears  t h e  

-6 o r  -7 PLSS w i l l  be s a t i s f a c t o r y ,  depending on t h e  

t i m e  needed on s i te .  The OPS w i l l  b e  adequate  for  

an emergency r e t u r n .  The a t t a c h e d  c h a r t  shows t h e  

e s t i m a t e d  t i m e s  and d i s t a n c e s  for t h e  traverses. 
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R I M A  PRINZ I *  

I. 

11. 

? '  

111. 

IV. 

BACKGROUND 

The Harbinger Mountains reg ion  of the  moon inc ludes  

numerous s inuous  rilles and a s s o c i a t e d  materials. The 

l o n g e s t  and, most probably,  t he  youngest  of t h e  s inuous  

r i l l es  i n  t h i s  area i s  R i m a  P r inz  I. T h i s  i s  a double  

s inuous  r i l l e ,  i .e. ,  a small meandering r i l l e  enc losed  

w i t h i n  a l a r g e r  s inuous  r i l l e . , . S i n u o u s  r i l l es  have 

aroused cons iderable  i n t e r e s t  because of t h e  impl i ca t ions  

of the  mode of t h e i r  formation t o  t h e  o r i g i n  of the  moon 

and i t s  h i s t o r y .  T o  s tudy a s inuous  r i l l e ,  one must g e t  

down t o  t h e  v a l l e y  f l o o r  t o  sample t h e  material and 

examine t h e  d isp layed  s t ruc tu ' res .  R i m a  P r inz  I w a s  s e l e c t e d  

because of t h e  f r e shness  of i t s  d e t a i l s .  

t h e  mouth or  terminus of t h e  r i l l e  would allow an examination 

of t h e  lower p a r t  of t he  eroded v a l l e y .  

PRIMARY S C I E N T I F I C  OBJECTIVES 

A l anding  n e a r  

Explora t ion  of a s inuous r i l l e  and examinat ion and 

sampling of r i l l e  depos i t s .  

SECONDARY SCIENTIFIC OBJECTIVES 

-L&iS ta rchus  Secondary crater f . i d d - a &  r i d g e ,  

MISSION REQUIREMENTS 

A. Landing accuracy 

Landing t o  w i t h i n  a 1 km circle i s  requi red .  

B. Optimum r a d i u s  of ope ra t ions  

The optimum r a d i u s  of ope ra t ions  i s  5 k i lome te r s .  

* 
Prepared by F. El -Baz ,  J. Head, and T. Bottomly. 
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C. M i m i m u m  r a d i u s  of ope ra t ions  

I n  o r d e r  t o  achieve t h e  minimum s c i e n t i f i c  o b j e c t i v e s ,  

a minimum r a d i u s  of 4 . 5 - m i s  requi red .  
I 
D. Shape of t a r g e t  

The shape of t h e  target  i s  roughly c i r c u l a r  bu t  

because of t h e  n a t u r e  of t h e  r i l les ,  landings  cannot  

be made i n  a l l  p a r t s  of t h e  t a r g e t .  

E. Avai lab le  photography 

Medium r e s o l u t i o n  stereo 

High r e s o l u t i o n  3. m 

F. S c i e n t i f i c  equipment 

a. Seismometer - high l a t i t u d e  s i te  

b. Mass spectrometer  

c .  Heat f low measurement 

G. Number of EVA'S 

?I 

Tota l  
Traverse 
Distance 

1. Landing area and ALSEP deploy- 
ment 0.6 k m  

2.  Rima Pr inz  I w a l l  and f l o o r  10.2 km 

3. R i m a  Ar i s t a rchus  I11 and 
Ar i s t a rchus  secondar ies  11 .2  km 

4 .  Surface d e p o s i t s  and r i d g e  9.7  km 

5 .  R i l l e  "mouth" d e p o s i t s  4 . 4  km 

H. S i t e  dependent sc ience  requirements  

1. Mass spectrometer  

S amp 1 i n g  
Locat ions 

1 

12 

2.  Seismometer 
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I. 

J. 

K. 

Communications problems 

- Undulating s u r f a c e  

- Loss of s i te  w i t h i n  r i l les ( t r a v e r s e s  2 and 3)  

Sample r e t u r n  requirements  I 

32 sample l o c a t i o n s ,  about  1 0  samples each, i .e . ,  

320 samples o r  about  1 6 0  pounds. 

sample r e t u r n  con ta ine r s  are requi red .  

Engineer ing Considerat ions 

As i n d i c a t e d  on t h e  a t t ached  t a b l e ,  t h e  hardware 

r equ i r ed  for  t h e  success fu l  completion of t h e  pr imary 

Therefore ,  t h r e e  

s c i e n c e  o b j e c t i v e s  a t  R i m a  P r inz  I is  as fol lows:  

Lunar Roving Vehicle 

A t h r e e  day or more ELM t o  accomodate f i v e  EVA'S, 

i.e., two EVA's on each of  t w o  days.  

An EMU t o  provide f o r  t h e  3.5 h r .  E V A ' s  would 

r e q u i r e  t h e  - 7  PLSS and t h e  SLSS. 

An ALSEP, inc luding  Mass Spectrometer  and Passive 

S e i  smome ter  . 
Navigat ion a i d s ;  communication a i d s  f o r  LOS i n  

r i l les and h i l l y  a reas .  

Po in t  landing  (wi th in  1 km) t o  allow a l l  traverses 

t o  reach t h e  des i r ed  sampling l o c a t i o n s .  
-. 5 
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